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Abstract
Background: Malaria has traditionally been a major endemic disease in Equatorial Guinea.
Although parasitaemia prevalence on the insular region has been substantially reduced by vector
control in the past few years, the prevalence in the mainland remains over 50% in children younger
than five years. The aim of this study is to investigate the risk factors for parasitaemia and treatment
seeking behaviour for febrile illness at country level, in order to provide evidence that will reinforce
the EG National Malaria Control Programme.
Methods: The study was a cross-sectional survey of children 0 to 5 years old, using a multistaged,
stratified, cluster-selected sample at the national level. It included a socio-demographic, health and
dietary questionnaires, anthropometric measurements, and thick and thin blood smears to
determine the Plasmodium infection. A multivariate logistic regression model was used to
determine risk factors for parasitaemia, taking into account the cluster design.
Results: The overall prevalence of parasitemia was 50.9%; it was higher in rural (58.8%) compared
to urban areas (44.0%, p = 0.06). Age was positively associated with parasitemia (p < 0.0001). In
rural areas, risk factors included longer distance to health facilities (p = 0.01) and a low proportion
of households with access to protected water in the community (p = 0.02). Having had an episode
of cough in the 15 days prior to the survey was inversely related to parasitemia (p = 0.04). In urban
areas, the risk factors were stunting (p = 0.005), not having taken colostrum (p = 0.01), and that
someone in the household slept under a bed net (p = 0.002); maternal antimalarial medication
intake during pregnancy (p = 0.003) and the household socio-economic status (p = 0.0002) were
negatively associated with parasitemia. Only 55% of children with fever were taken outside their
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Conclusion: Results suggest that a national programme to fight malaria in Equatorial Guinea
should take into account the differences between rural and urban communities in relation to risk
factors for parasitaemia and treatment seeking behaviour, integrate nutrition programmes,
incorporate campaigns on the importance of early treatment, and target appropriately for bed nets
to reach the under-fives.
Background
Equatorial Guinea is a small West Central African country
divided into a mainland region (Río Muni) and an insular
one (Bioko as the main island). Traditionally, malaria has
been a major endemic disease in the country [1,2], but
new socioeconomic conditions are changing the situation
and given the opportunity for elimination [3].
In the past, the country's economy was based on forestry
and agriculture, but since oil was discovered in the mid
90's on the coastline, oil extraction has become the main
economic activity of the country. The development of the
oil industry has led to rapid urbanization and to a grow-
ing availability of resources to address important public
health problems through public and private initiatives
[4].
One of these initiatives has been the Bioko Island Malaria
Control Project (BIMCP) mainly consisting of the indoor
residual spraying (IRS) programme, that was established
in 2004 to eliminate malaria infection in the island [5]
and that is now being extended to the continental region
[6]. The BIMCP has been followed by an important
decline in the prevalence of the parasitaemia in the island
in these past years (from 42% pre-intervention, to 18% in
2008) [7]. These are encouraging results towards a "sus-
tained control" of the disease and give hope to a potential
"elimination" in the island [3], although the varying
results in the different sentinel sites suggest that factors
other than vector control still play a role on transmission
that should be identified before elimination can be
achieved [8]. Moreover, the prevalence of parasitaemia in
the mainland, which is home to about 80% of the coun-
try's population [9], remains over 50% in children under
five years [7].
The identification of risk factors for parasitaemia at the
country level can contribute to the elimination efforts in
Bioko island. In addition, it will help improve the pro-
gram as it is extended to the mainland region, where geo-
graphic and socio-demograhic conditions, including
urbanization (27% in the mainland region versus 85% in
Bioko island [9]), differ substantially from the island's.
Case management through early diagnosis and prompt
treatment of all fever cases in malaria endemic areas is a
cornerstone of the global strategy for malaria control [2].
Prompt diagnosis and timely malaria treatment within 24
hours after the onset of symptoms can reduce illness pro-
gression to severe stages, and therefore, decrease mortal-
ity. In order to design effective strategies to improve case
management, it is important to have information on the
treatment seeking behaviour of the population.
The aims of this study were to identify the social, behav-
ioural, and nutritional factors that are associated with
Plasmodium falciparum infection, and to describe treat-
ment seeking behaviour for febrile illness in preschool
children from Equatorial Guinea, using data from a
national survey carried out in February 2004, before the
BIMCP was implemented.
Methods
Study area and population
Equatorial Guinea is located in the Gulf of Guinea, with
an overall area of 28,068 km2 and a population of ≈
500,000 inhabitants. The proportion of the population
living in urban areas has increased from 27.1% in 1975 to
48.3% in 2003 [10]. Infant and under five mortality rates
were 123/1,000 and 204/1,000 respectively; malaria
accounted for 24% of the causes of death among children
under five years of age in 2002 [11].
Study design
A nationally-representative cross-sectional survey was
conducted between February and March 2004. Sampling
was carried out with the use of a multistaged, stratified
cluster strategy. The strata were island and continental
regions and rural and urban settings. Primary sampling
units were the villages in the rural areas and the neigh-
bourhoods in the urban settings. They were selected ran-
domly and proportional to size according to the 1994
Population and Households Census [9]. Secondary sam-
pling units were randomly selected households from an
updated census from each cluster. Tertiary sampling units
were the children. Only one child younger than five years
of age per household was selected randomly, from a list
with all the children < 5 years of age residing at home,
resulting in a non self-weighted sample. The initial sam-Page 2 of 9
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replacement was not carried out at any of the sampling
stages. The total number of children surveyed was 552.
Data collection
A blood sample was obtained from participating children
to determine the presence of malaria infection through
microscopic examination of stained thick and thin films.
Thin smears were fixed with methyl alcohol and think and
thick smears stained with Giemsa. Films were examined
with a 100× oil immersion optical microscopy. Plasmo-
dium infection was defined as the presence of any asexual
forms on thick or thin blood films. An absence of malaria
parasites was reported when 500 leucocytes were counted
and no parasite had been observed in the corresponding
fields examined. Each sample was studied by two quali-
fied laboratory technicians and a third technician was
called in when there was a discrepancy in the result. A cur-
ative dose of sulphadoxine-pyrimethamine was given to
all the children taking part in the study.
All children were measured and weighted according to
standard WHO procedures by the same trained nutrition-
ist [12]. Age was calculated from the reported date of birth
and when the date of birth was not known (5.4% of the
sample) age in months as reported by the care provider
was registered.
The children's care providers were interviewed by trained
local personnel, using a standardized questionnaire that
included questions on demographics, household charac-
teristics, child health and feeding practices, fever treat-
ment-seeking behaviour and malaria prevention
behaviours. The questionnaires had been previously
translated into the main local language, Fang; and the
option was given to the care provider to be interviewed in
Fang or Spanish, which is one of the official languages in
the country. Additional details on the sampling tech-
niques and the data collection process have been
described elsewhere [13].
Statistical analysis
The primary outcome of interest was Plasmodium parasi-
taemia while a secondary outcome was the presence of
fever during the two weeks prior to the survey.
Stunting, underweight, and wasting were defined as
height-for-age, weight-for-age and weight-for-height Z-
scores < -2 SD, respectively, according to the 2006 WHO
Growth Standards [14].
Socio-economic variables were analysed using a socio-
economic status (SES) index created by principal compo-
nent analysis [15]. SES was estimated from several house-
hold characteristics and assets variables. According to the
index, each household was assigned to tertile categories
labelled as low, middle, and high.
Multivariate analysis to examine the socio-economic,
nutritional and dietary predictors of Plasmodium infection
indicators were carried out using logistic regression mod-
els for rural and urban strata separately and adjusting for
potential confounding variables that were significant in
the univariate analysis. Multivariate models included all
variables for which adjusted estimates are presented. Data
were weighted according to the selection probabilities and
analysed with the complex samples procedures of SAS
software [16], that take into account the clustering of the
sample.
P values ≤ 0.05 were considered to be statistically signifi-
cant.
Informed consent
The national survey was approved by the Ministry of
Health of Equatorial Guinea. The village and neighbour-
hood representatives were informed by an official letter
from the Ministry of Health of the day of the visit and the
scope of the study, and oral informed consent was
obtained from all the children's parents or primary care
providers.
Results
The overall prevalence of parasitaemia was 50.9% and vir-
tually all infections were by P. falciparum (95.4%); among
children with positive slides, 8.7% were co-infected with
another species and 4.6% were infected with P. malariae
and/or P. ovale. Prevalence was higher in rural areas
(58.8%) compared to urban areas (44.0%, p = 0.06).
Table 1 shows the results of the multivariate logistic
regression for P. falciparum infection for urban and rural
strata separately. Age was positively associated with P. fal-
ciparum infection in both urban and rural areas [odds
ratios (95% CI): 7.8 (3.4, 17.9), 13.9 (3.1, 62.6), respec-
tively]. In rural areas, distance to the closest health facility
was positively associated with infection [odds ratios (95%
CI): 2.9 (1.3, 6.0)], whereas the proportion of households
with protected water, and having had an episode of cough
in the previous 15 days were inversely associated with it,
[odds ratios (95% CI): 0.3 (0.1, 0.8), 0.4 (0.2, 0.97),
respectively].
In the urban settings; stunting, and the fact that someone
in the house slept under a bed net were each positively
related with P. falciparum infection in the child [odds
ratios (95% CI): 3.1 (1.4, 6.7), 3.0 (1.5, 6.1), respectively].
On the other hand, children who had taken colostrum,
those whose mothers had taken anti-malarial drugs dur-
ing pregnancy and those from higher SES families hadPage 3 of 9
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RURAL URBAN
Plasmodium 
infection*
Plasmodium 
infection*
Factor N (%)† n (%) se Unadj. 
P
Adjusted 
Odds ratio 
(95% CI)
Adj. P N (%)† n (%) se Una
dj. P
Adjusted 
Odds ratio 
(95% Cl)‡
Adj. P
Child age
0-5 months 37(11,4) 11(22.4) 8.5 Reference 28 (11.4) 8(25.9) 11.0 Reference
6-11 months 53(16.8) 26 (49.1) 8.6 2.54 
(0.75,8.67)
41 (17.5) 11 (42.4) 17.5 6.42
(1.08, 38.06)
12-23 months 74 
(25,6)
44 (59.9) 6.4 3.81
(1.30,11.17)
58(23.5) 18(30) 6.0 3.50
(0.82,14.87)
24-59 months 144 
(46,2)
99 (70.5) 5.8 7.82
(3.42,17.92)
113
(47.6)
60 (55.7) 6.3 13.94
(3.10,62.62)
p for trend§ 0.0008 <.0001 0.07 0.004
Sex
female 147 
(43.9)
85 (60.3) 7.1 Reference 118
(47.9)
43 (45.8) 7.8 Reference
male 163 
(56.1)
96 (57.6) 4.8 0.70 0.85
(0.48,1.51)
0.28 124
(52.0)
54(41.7) 6.4 0.60 1.49
(0.75,2.97)
0.25
Distance to
closest
health
facility in
km
less than 0.5
kms
184 
(55.6)
102 
(51.8)
6.7 Reference 149 
(58.8)
57 (44.3) 9.1 ...
between 0.5
and 10 kms
91 
(27.5)
50 (58.1) 7.1 1.19
(0.47,2.89)
93(41.2) 40 (42.7) 7.2 0.86 ...
10 kms or
more
35(16.9) 29 (82.7) 4.4 2.86
(1.35, 6.03)
...
p for trend§ 0.005 0.01
% of
households
with access
to
protected
water in the
community
less than 30% 120 
(42.1)
72 (66.2) 7.1 Reference 34(18.7) 19(53.7) 9 ...
between 30
and 60%
117 
(38.3)
79 (64.3) 6.5 1.24
(0.52,2.98)
30(10.2) 17(67.1) 15.4 ...
more than
60%
73(19.6) 30 (31.7) 7.6 0.29
(0.11,0.77)
178
(71.1)
61 (37.9) 7.5 0.63 ...
p for trend§ 0.03 0.02
Episode of
cough in the
15 days
prior to the
survey
No 114 
(37.6)
75 (68.0) 6.8 Reference 111 
(45.5)
43 (40.8) 7,4 ...
Yes 193 
(62.4)
105 
(53.1)
5.4 0.07 0.43
(0.20,0,97)
0.04 125
(54.5)
52 (46.8) 7,6 0.49 ...
Stunting
No 183 
(58.3)
103 
(55.9)
5.6 ... 170
(71.5)
61 (38.9) 6.9 Reference
Yes 118 
(41.7)
73 (62.3) 6.6 0.40 ... 57(28.5) 32 (53.6) 8.0 0.06 3.07
(1.40,6.73)
0.005Page 4 of 9
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(95% CI): 0.2 (0.1, 0.7), 0.2 (0.1, 0.6), 0.1 (0.05, 0.5),
respectively].
When introduced in the multivariate models, no signifi-
cant association was found between P. falciparum infec-
tion and the sex of the child; wasting, underweight or
other morbidity indicators of the child; age, ethnicity, or
education of the mother; breastfeeding; immunization
status; household owning a domestic animal or a garden;
child sleeping under a bed net or other community indi-
cators, such as proportion of households with access to
electricity in the community or the community endow-
ment index.
Table 2 presents the correlates of treatment-seeking
behaviour for the children that referred to have had fever
in the 15 days prior to the survey (N = 256) by rural and
urban settings. Almost 50% didn't seek any treatment for
the fever, and in rural areas, 20% sought care only after
two days or more of illness. In relation to the place
attended, 30% looked for help in some kind of health
facility (mainly hospitals in urban settings and health cen-
tres in rural places). In the urban setting significantly
more people have turned to alternative places (mainly pri-
vate drug stores) compared to rural settings. Regarding
treatment, 40% reported to have treated children with
anti-malarial drugs (mainly chloroquine and quinine).
Colostrum
No 60(19.9) 38 (67.7) 7.3 ... 45(19.0) 26 (65.8) 8.3 Reference
Yes 235 
(80.1)
135 
(56.4)
5.7 0.18 ... 170
(81.0)
62 (39.8) 7.0 0.004 0.24
(0.08,0.71)
0.01
Mother
took
antimalaric
drugs
during
pregnancy
No 126 
(41.5)
74 (61.4) 4.6 ... 84 (38.5) 40(53.1) 9.2 Reference
Yes 184 
(58.5)
107 
(56.9)
6.2 0.39 ... 157
(61.5)
57 (37.5) 5.5 0.06 0.25 
(0.098,0.62)
0.003
Someone in
the house
sleeps with
bednet
No 189 
(59.5)
107 
(59.7)
5.5 ... 87 (35.2) 33 (36.7) 6.4 Reference
Yes 127 
(40.5)
74 (57.8) 5.5 0.74 ... 153
(64.8)
64 (47.7) 7.1 0.14 3.05
(1.52,6.14)
0.002
Socio-
economic
level
low 101 
(39.1)
59 (62.4) 6.5 ... 81 (38.5) 38 (53.8) 8.3 Reference
medium 109 
(33.6)
63 (57.3) 6.5 ... 79(31.7) 39(51.8) 8.1 0.97
(0.29,3.25)
high 100 
(27.3)
59 (55.4) 7.8 ... 82 (29.8) 20(21.6) 5.4 0.04 0.15
(0.05,0.50)
p for trend§ 0.91 0.0002
Overall¶ 308 
(100)
240(100)
*Plasmodium infection measured by means of thick and thin film.
† Frequencies are weighted and calculated according to the complex design taking into account clustering and stratification.
‡ Odds ratios obtained by multivariate logistic regresssion models for rural and urban strata. Models are adjusted for survey and clustering effects 
and include all
variables for which adjusted estimates are presented.
§ p value for the predictor when introduced into the model as a continuous variable representing the ordinal categories, adjusted for all other 
covariates in the multivariate model
¶ Totals may be less than 310 or 240 respectively, because of missing data.
... Not included on the multivariate model
Table 1: Factors associated with Plasmodium infection in children below 5 years old in Equatorial Guinea for rural and urban 
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The prevalence of malaria parasitaemia in this study was
50.9%. This is consistent with results from previous years
when the estimates of community prevalence of infection
in children younger than 10 years of age exceeded 50%
[1]. Although recent studies show a decline on infection
on Bioko island, to 18% in children 2-5 years, the preva-
lence or P. falciparum parasitaemia on the mainland
region remains very high, 59% for children under 5 years
[7]. The socio-demographic and nutritional factors associ-
ated with P. falciparum infection for the whole country dif-
fer substantially for rural and urban populations.
Increasing age was a risk factor for P. falciparum infection
in both urban and rural areas. It has already been estab-
lished that, during the first months of life, the risk of infec-
tion is lower because there is still a degree of immunity
from the mother. The risk of infection first increases with
age and starts decreasing when the individual himself
reaches a degree of immunity due to repeated exposure to
the parasite [17].
In the rural settings, results show that the characteristics of
the community have an important role on the individual
risk of infection, including distance to health facility and
the proportion of households with access to protected
water. In previous results of this same survey the absence
of high quality health services in the community was a
risk factor for under nutrition only in rural areas, whereas
a low community endowment index was a risk factor for
anaemia in these same areas. Both these variables were
associated with the negative effects of the process of rapid
urbanization in the deterioration of rural communities
[13]. The fact that an episode of cough on the 15 days
prior to the survey resulted protective to P. falciparum
infection might be associated with the common practice
in the African Region to give anti-malarials presumptively
to all patients who present with fever [2].
Among urban children, risk factors for parasitaemia differ
substantially from the ones found in rural areas. From the
nutritional perspective, stunting and not having taken
colostrum are positively associated with P. falciparum par-
asitaemia. The relation between under-nutrition and
malaria has been controversial for many years, but recent
meta-analyses suggest that under nutrition is an impor-
tant underlying risk factor for infectious diseases in gen-
eral [18] and for malaria in particular [19]. More
specifically, it has been recently shown that severe stunt-
ing induces down-regulation of the overall anti P. falci-
parum IgG Ab response [20]. The fact that not having
taken colostrum is positively associated with infection
could be associated with the immunological properties
already established for breast milk and colostrums
[21,22], and more specifically with the presence of anti-
malarial antibodies in breast milk from immune mothers
[23]. Although there is no association with breastfeeding,
this could be due to lack of statistical power in the analy-
ses, as non-breastfeeding prevalences were very low, 3.6%
and 6.8% for rural and urban populations, respectively
[13]. The fact that colostrum appears as a risk factor only
in the urban settings might be related to the changes in
infant feeding practices detected for this population in
previous studies [13]. However, there is little information
in the literature regarding this relation. Further research
on the possible protective properties of colostrum against
infection by Plasmodium is warranted.
The usage of mosquito nets is more frequent among the
urban population than among the rural (64.8% of the
urban households reported someone sleeping under a
bed net at the time of the survey compared to the 40.5%
Table 2: Treatment-seeking behaviour for febrile episoded in pre-school children from Equatorial Guinea in 2004 (N = 256)
Total Rural Urban
Characteristics Frequency* se Frequency* se Frequency* se P
Looked for help in Health facility
Hospital, health centre, private clinic 30,5 4,1 36,5 6,2 24,7 5,3 0,21
Looked for help in other places
Pharmacy, market, witch doctor, family and others 26,7 4,5 17 3,8 36,2 7,3 0,02
Mean time to seeking first treatment after fever onset
Same day 22,8 3,9 20 3,7 25,6 6,8
Next day 15,9 3 14,8 4,3 16,9 4,2
After two or more days 15,4 2,6 20 3,1 11 4,3 0,15
Didn't seek treatment 45,3 4,6 45,2 4,6 46,4 6
Treated with antimalaric drugs 41,8 3,6 44,2 4,3 39,5 5,6 0,60
Other kind of treatment 82,5 2,3 86,7 3 78,5 5,3 0,58
*Frequencies are weighted and calculated according to the complex design taking into account clustering and stratification.Page 6 of 9
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tion was found between infection and children sleeping
under a bed net in any of the two settings. This result does
not coincide with the analyses of only the Bioko island
population for this same survey (without rural/urban
stratification) [24], and goes against the established evi-
dence of the experimental studies that show a protective
effect for the children sleeping under a bed net [25,26]. It
was also surprising to find a positive association of infec-
tion with the fact that someone in the household sleeps
under bed net, as other studies have suggested that com-
munity-wide effects of insecticide treated nets (ITNs) and
bed net density at household level have a significant pro-
tective effect on child mortality [27,28]. However, these
studies highlight the importance of bed net being treated
with insecticide for this effect to be shown, and that infor-
mation was not collected in the present survey.
Furthermore, recent studies in the region point out that
the individual protection that children receive from the
bed net density of a household is because children sleep
with their parents, as bed net allocation is not prioritised
to children less than five years of age but to the individual
adults [29,30]. The hypothesis is that if someone in the
household sleeps under a bed net it is because of a higher
risk perception of infection due to environmental circum-
stances (mosquito density, wall construction material
and/or conditions, etc.) that would place the unprotected
child to risk.
The protective association of maternal intake of anti-
malarial medication during pregnancy can be related to
the shown effects on reducing placental malaria, maternal
anaemia and low birth weight in other African countries
[31-33], factors that can predispose the child to infection
later in life.
The relation between poverty and malaria has been widely
described [34] and specifically for urban areas in other
African countries undergoing a socio-demographic transi-
tion, where rapid and unplanned urban growth creates
suitable condition for malaria transmission. People who
migrate from rural areas generally settle in poorly con-
structed houses in densely populated and underdevel-
oped peri-urban areas and bring along their traditional
rural practices that may favour mosquito breeding
[35,36].
Only 55% of the febrile children were taken outside their
homes for care. In urban areas more children were taken
to private drug stores than to health facilities and in rural
areas around one fifth sought care only after two days or
more of illness.
To reduce mortality from febrile illnesses and to prevent
transmission, sick children not only need to get effica-
cious and appropriate drugs, but also need to get them in
time; which WHO recommends being within 24 hours
from illness onset [2]. The delay in care-seeking in the
rural areas has been associated in other studies in Africa
with low household socio-economic status, [37,38], and
with geographical proximity to the provider [39,40]. In
the rural areas in Equatorial Guinea the more accessible
providers for caretakers are the government health posts,
which are poorly provided and sometimes within more
than 24 hours of reach. In urban areas there is a wider
offer of private drug stores that can be closer to the com-
munity than health facilities. The number of children that
referred to have been treated with anti-malarial drugs is
consistent with the reported 38% of all African children in
2006 [2], and the fact that the main anti-malarial given
was chloroquine instead of the more recommended
artemisinin-based combination therapy is likely to have
changed now, as the National Protocol was revised on
2006 [41] based on previously reported chloroquine
resistances in the country [42].
Conclusion
Results suggest that a national programme to fight malaria
in Equatorial Guinea should a) integrate nutrition pro-
grammes specially designed for rural and urban popula-
tions, b) incorporate information, communication and
education (ICE) campaigns on the importance of correct
diagnosis and early treatment in rural and urban commu-
nities, c) include the reinforcement of the health system
and improve the access to health facilities in rural areas or
the provision of early diagnoses and treatment made
through a programme of home-based management of
malaria and d) design an appropriate targeting for bed
nets to reach the under-fives and consider the importance
of distributing long-lasting insecticide nets (LLINS).
Conflict of interests
The authors declare that they have no competing interests.
Authors' contributions
EC was involved in survey design and data collection, per-
formed the statistical analysis and interpretation of the
data and drafted the manuscript. MAD was involved in
the survey design, the interpretation of the statistical anal-
ysis and helped to draft the manuscript. EV was involved
in the performance and interpretation of the statistical
analysis and revised critically the manuscript. LM was
involved in the data collection and helped to draft the
manuscript. IS participated in the survey design, the data
collection and helped draft the manuscript. ML was
involved in the data collection and helped to draft the
manuscript. CB participated in the survey design, the
interpretation of statistical analysis and helped draft thePage 7 of 9
(page number not for citation purposes)
Malaria Journal 2009, 8:225 http://www.malariajournal.com/content/8/1/225manuscript. AB participated in the survey design, the
interpretation of statistical analysis and helped draft the
manuscript. JR participated in the survey design and data
collection, the performance and interpretation of statisti-
cal analysis and coordinated the draft of the manuscript.
All authors read and approved the final manuscript.
Acknowledgements
We would like to thank the Ministry of Health of the Republic of Equatorial 
Guinea for its technical assistance in carrying out the study. The study was 
funded by the Instituto de Salud Carlos III (ISCIII), the Spanish Research 
Network of Tropical Diseases (RICET), and the Spanish Agency for Inter-
national Cooperation (AECI).
References
1. Roche J, Ayecaba S, Amela C, Alvar J, Benito A: Epidemiological
characteristics of malaria in Equatorial Guinea.  Research and
Reviews in Parasitology 1996, 56:99-104.
2. WHO: World Malaria Report 2008. Geneva 2008.
3. Steketee RW: Good news in malaria control...now what?  Am J
Trop Med Hyg 2009, 80:879-880.
4. United Nations Conference on Trade and Development: Profil de vul-
nérabilité de la Guinée Équatoriale. Geneve 2008.
5. Kleinschmidt I, Sharp B, Benavente LE, Schwabe C, Torrez M, Kuklin-
ski J, Morris N, Raman J, Carter J: Reduction in infection with
Plasmodium falciparum one year after the introduction of
malaria control interventions on Bioko Island, Equatorial
Guinea.  Am J Trop Med Hyg 2006, 74:972-978.
6. Ridl FC, Bass C, Torrez M, Govender D, Ramdeen V, Yellot L, Edu
AE, Schwabe C, Mohloai P, Maharaj R, Kleinschmidt I: A pre-inter-
vention study of malaria vector abundance in Rio Muni,
Equatorial Guinea: their role in malaria transmission and the
incidence of insecticide resistance alleles.  Malar J 2008, 7:194.
7. Kleinschmidt I, Schwabe C, Benavente L, Torrez M, Ridl FC, Segura
JL, Ehmer P, Nchama GN: Marked increase in child survival after
four years of intensive malaria control.  Am J Trop Med Hyg 2009,
80:882-888.
8. Kleinschmidt I, Torrez M, Schwabe C, Benavente L, Seocharan I,
Jituboh D, Nseng G, Sharp B: Factors influencing the effective-
ness of malaria control in Bioko Island, equatorial Guinea.
Am J Trop Med Hyg 2007, 76:1027-1032.
9. Departamento de Estadística de la República de Guinea Ecuatorial: II
Censo de Población y Vivienda 1994 Ministerio de Planificación y
Desarrollo Económico. Malabo, Guinea Ecuatorial; 1997. 
10. UNDP: Human Development Report Beyond Scarcity: Power, Poverty and
the Global Water Crisis Oxford University Press. Oxford; 2006. 
11. WHO: World Statistics Report 2008. Geneva 2009.
12. WHO Working Group: Use and interpretation of anthropo-
metric indicators of nutritional status.  Bull World Health Organ
1986, 64:929-941.
13. Custodio E, Descalzo MA, Roche J, Molina L, Sánchez I, Lwanga M,
Bernis C, Villamor E, Baylin A: Nutritional status and its corre-
lates in Equatorial Guinean preschool children: results from
a nationally representative survey.  Food Nutr Bull 2008,
29:49-58.
14. de Onis M, Garza C, Onyango AW, Martorell R: WHO Child
Growth Standards.  Acta Paediatr Supplementum 2006, 450:1-101.
15. Fotso JC, Kuate-Defo B: Measuring socio-economic status in
health research in developing countries: should we be focus-
ing on households, communities or both?  Social Indicators
Research 2005, 72:189-237.
16. SAS Institute Inc: SAS Enterprise Guide 4.1 edition SAS Institute Inc.
Cary, NC, USA; 2006. 
17. Gilles HM, Warrell DA: Immunology of human malaria.  In Bruce
Chwatt's Essential Malariology Edited by: Edward Arnold. London Bos-
ton Melbourne Auckland; 1993:60-64. 
18. Caulfield LE, de Onis M, Blossner M, Black RE: Undernutrition as
an underlying cause of child deaths associated with diarrhea,
pneumonia, malaria, and measles.  Am J Clin Nutr 2004,
80:193-198.
19. Caulfield LE, Richard SA, Black RE: Undernutrition as an underly-
ing cause of malaria morbidity and mortality in children less
than five years old.  Am J Trop Med Hyg 2004, 71:55-63.
20. Fillol F, Sarr JB, Boulanger D, Cisse B, Sokhna C, Riveau G, Bork SK,
Remoue F: Impact of child malnutrition on the specific anti-
Plasmodium falciparum antibody response.  Malar J 2009, 8:116.
21. Ulcova-Gallova Z, Fialova P, Krauz V: Immunologic factors in
human colostrum and milk.  Cas Lek Cesk 1994, 133:275-276.
22. Lilius EM, Marnila P: The role of colostral antibodies in preven-
tion of microbial infections.  Curr Opin Infect Dis 2001,
14:295-300.
23. Kassim OO, Ako-Anai KA, Torimiro SE, Hollowell GP, Okoye VC,
Martin SK: Inhibitory factors in breastmilk, maternal and
infant sera against in vitro growth of Plasmodium falciparum
malaria parasite.  J Trop Pediatr 2000, 46:92-96.
24. Pardo G, Descalzo MA, Molina L, Custodio E, Lwanga M, Mangue C,
Obono J, Nchama A, Roche J, Benito A, Cano J: Impact of different
strategies to control Plasmodium infection and anaemia on
the island of Bioko (Equatorial Guinea).  Malar J 2006, 5:10.
25. Nevill CG, Some ES, Mung'ala VO, Mutemi W, New L, Marsh K,
Lengeler C, Snow RW: Insecticide-treated bednets reduce
mortality and severe morbidity from malaria among chil-
dren on the Kenyan coast.  Trop Med Int Health 1996, 1:139-146.
26. Premji Z, Lubega P, Hamisi Y, Mchopa E, Minjas J, Checkley W, Shiff
C: Changes in malaria associated morbidity in children using
insecticide treated mosquito nets in the Bagamoyo district
of coastal Tanzania.  Trop Med Parasitol 1995, 46:147-153.
27. Hawley WA, Phillips-Howard PA, ter Kuile FO, Terlouw DJ, Vulule
JM, Ombok M, Nahlen BL, Gimnig JE, Kariuki SK, Kolczak MS, Hight-
ower AW: Community-wide effects of permethrin-treated
bed nets on child mortality and malaria morbidity in western
Kenya.  Am J Trop Med Hyg 2003, 68:121-127.
28. Gosoniu L, Vounatsou P, Tami A, Nathan R, Grundmann H, Lengeler
C: Spatial effects of mosquito bednets on child mortality.
BMC Public Health 2008, 8:356.
29. Mugisha F, Arinaitwe J: Sleeping arrangements and mosquito
net use among under-fives: results from the Uganda Demo-
graphic and Health Survey.  Malar J 2003, 2:40.
30. Korenromp EL, Miller J, Cibulskis RE, Kabir CM, Alnwick D, Dye C:
Monitoring mosquito net coverage for malaria control in
Africa: possession vs. use by children under 5 years.  Trop Med
Int Health 2003, 8:693-703.
31. Hommerich L, von Oertzen C, Bedu-Addo G, Holmberg V, Acquah
PA, Eggelte TA, Bienzle U, Mockenhaupt FP: Decline of placental
malaria in southern Ghana after the implementation of
intermittent preventive treatment in pregnancy.  Malar J
2007, 6:144.
32. Kayentao K, Kodio M, Newman RD, Maiga H, Doumtabe D, Ongoiba
A, Coulibaly D, Keita AS, Maiga B, Mungai M, Parise ME, Doumbo O:
Comparison of intermittent preventive treatment with che-
moprophylaxis for the prevention of malaria during preg-
nancy in Mali.  J Infect Dis 2005, 191:109-116.
33. Verhoeff FH, Brabin BJ, Chimsuku L, Kazembe P, Russell WB, Broad-
head RL: An evaluation of the effects of intermittent sulfadox-
ine-pyrimethamine treatment in pregnancy on parasite
clearance and risk of low birthweight in rural Malawi.  Ann
Trop Med Parasitol 1998, 92:141-150.
34. Worrall E, Basu S, Hanson K: Is malaria a disease of poverty? A
review of the literature.  Trop Med Int Health 2005, 10:1047-1059.
35. Matthys B, Vounatsou P, Raso G, Tschannen AB, Becket EG, Gosoniu
L, Cisse G, Tanner M, N'Goran EK, Utzinger J: Urban farming and
malaria risk factors in a medium-sized town in Cote d'Ivoire.
Am J Trop Med Hyg 2006, 75:1223-1231.
36. Robert V, Macintyre K, Keating J, Trape JF, Duchemin JB, Warren M,
Beier JC: Malaria transmission in urban sub-Saharan Africa.
Am J Trop Med Hyg 2003, 68:169-176.
37. Onwujekwe O, Uzochukwu B, Eze S, Obikeze E, Okoli C, Ochonma
O: Improving equity in malaria treatment: relationship of
socio-economic status with health seeking as well as with
perceptions of ease of using the services of different provid-
ers for the treatment of malaria in Nigeria.  Malar J 2008, 7:5.
38. Deressa W, Ali A, Hailemariam D: Malaria-related health-seek-
ing behaviour and challenges for care providers in rural Ethi-
opia: implications for control.  J Biosoc Sci 2008, 40:115-135.Page 8 of 9
(page number not for citation purposes)
Malaria Journal 2009, 8:225 http://www.malariajournal.com/content/8/1/225Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
39. Rutebemberwa E, Pariyo G, Peterson S, Tomson G, Kallander K: Uti-
lization of public or private health care providers by febrile
children after user fee removal in Uganda.  Malar J 2009, 8:45.
40. Rutebemberwa E, Kallander K, Tomson G, Peterson S, Pariyo G:
Determinants of delay in care-seeking for febrile children in
eastern Uganda.  Trop Med Int Health 2009, 14:472-479.
41. Ministerio de Sanidad y Bienestar Social de Guinea Ecuatorial: Guía
Terapéutica de Paludismo. Junio 2006 Malabo, Guinea Ecuatorial; 2008. 
42. Roche J, Guerra-Neira A, Raso J, Benito A: Surveillance of in vivo
resistance of Plasmodium falciparum to antimalarial drugs
from 1992 to 1999 in Malabo (Equatorial Guinea).  Am J Trop
Med Hyg 2003, 68:598-601.Page 9 of 9
(page number not for citation purposes)
